Abstract : Physiological responses to riding a scooter (scootering) are compared with walking, running and cycling at three different treadmill speeds (80, 110 and 140m mint) and slopes (0 %, 4 % and 8 %). Five healthy male college students performed all exercises at different intensities in four trials a day, one or two days a week. Each experiment comprised of a 5-20 minute resting period, followed by 3 minutes of exercise and 10-50 minute recovery time. Apart from stationary cycling to measure maximal oxygen uptake, all exercises were performed on a treadmill. Heart rate (HR), oxygen uptake ('O2), carbon dioxide production (cTCo2), pulmonary ventilation (VE), respiration rate (RR) and respiratory exchange ratio (RER were measured every 15 seconds, and averaged using a computerized breath-bybreath expired gas monitor. From these measurements, the ventilation equivalent for C02 (VE/VC02) was calculated. No significant differences in the HR-V02 relation with exercise intensity were observed among the different types of exercise. The slopes of the regression lines for VE-V02 and RER-V02 in scootering were steeper than those in other exercises (p< 0.05). A significant correlation was noted between stroke frequency and RR in scootering (R =0.727, p < 0.001). Measurement of the changes in VE/ VC02 during scootering at 73, 80 and 90% V02max revealed a notably (p<0.05 larger `short period of depression' (undershooting) with a peak around 30 seconds after exercise, which was rarely observed with the other exercises examined. These results suggest that the cardiorespiratory responses to scootering differ from those to walking, running and cycling, due to the unique locomotion pattern of this vehicle.
Subjects
Five healthy male college students participated in this study . Subjects were informed of all the test procedures and written consent was obtained. This study was approved by the Departmental Ethics Committee of Kanto Gakuin University. The mean (SD) age , height and body weight was 21.0 (1.2) years, 166.6 (7 .0) cm, and 61.1 (13.3) kg, respectively. All subjects were physically active, but their experience in scootering varied between two and six months.
Subjects were familiarized with the experimental procedures in the laboratory.
Experimental procedures
All exercises were performed on a motor-driven treadmill (Treadmill® , -Nishikawa Iron Works, Tokyo, Japan) for determining maximal oxygen uptake (VO2) , except the bicycle test. The treadmill speed and angle were calibrated either before or immediately after each test. Ventilation threshold (VT) during the maximal bicycle ergometer test was determined by the V02 at which minimum VE/ V02 values of the fifth-order polynomial for the relationship between E/'02 and 102 data were obtained17). Heart rate (HR) was additionally monitored with a heart rate telemeter (Cardio Super model 2E32AR, San-ei, Tokyo, Japan) in all trials. Stroke frequency (scootering), pedal frequency (cycling) and step frequency (walking and running) were evaluated with a pushing counter, when constant movement was achieved during exercise.
Statistical analyses
Two-way ANOVA and student's t-test were used to compare stroke frequency in scootering at different speeds and grades. The relationships between V02, HR , VE and RER were determined with linear regression analysis. Slopes and y-intercepts were compared between exercises by regression coefficient calculation.
RR and stroke frequency in scootering, and RR and V02 relationships in each exercise mode were calculated by a second or fourth-order polynomial regression equation. Statistical significance was set at p<0.05. The relationships between V02 and HR during exercise are indicated by regression lines (Fig. 1) . No significant differences were observed in the regression coefficient of the slope among the exercises examined. As shown in Fig. 2 and 5, the slopes of the V02-VE and the V02-RER regression lines of scootering were significantly steeper (p< 0.05 than those of running and cycling. Due to large differences in the range of treadmill speeds used for walking and scootering, comparisons between these two exercises were not possible. They intercept of the 102-RER regression line varied between cycling and running, although Table 2 displays mean (SD) stroke frequency in scootering at different speeds and slope angles. A significant (p< 0.05) difference in stroke frequency was observed between the slope angles for all speeds and between speeds at a stroke angle of 8 % . The stroke frequencies of subject YH exhibiting a typical pattern in walking and running are compared in Table 3 . Compared to walking and running at the same speed and slope angle , stroke frequency during scootering was higher. The relationship between RR and stroke frequency during scootering is shown in Fig. 3 . A significant (p<0.001) correlation was evident y=30.459-0.249x+0.007x2 (R=0.727). Fig. 4 shows the relationship between RR and V02 during scootering, cycling, walking and running. Significant correlation was noted between scootering (R = 0.918, p<0.001) and cycling (R=0.780, p<0.05), but not with walking or running. VE/VCO2 values were calculated every 15 seconds from the commencement of exercise to recovery (Fig. 6) . Comparisons between scootering and other exercises were made at similar levels of V02 (40- Fig, b . Changes in the ventilatory equivalent for carbon dioxide (VE VCO2-1) every 15 seconds from the commencement of exercise to recovery. Scootering (lower panels) was compared with other forms of locomotion (upper panels) at four different intensities of exercise (40%, 70%, 80% and 90% VO2). 90% V02max ). Scootering was below the site, while other exercises were above the site. At levels under the ventilatory threshold (42% V02max), no undershooting (i.e. a state where the minimum value during recovery phase is lower than that during exercise) was observed for either walking or scootering. However, at levels higher than the ventilatory threshold (73%, 80% and 89% V02max ), undershooting was clearly noted in scootering , but not cycling or running. At the highest intensity of scootering (140 m min-1 , 8 %, VE/VC02 during the latter half of exercise was greatly elevated and immediately following exercise, undershooting was observed for 30 seconds.
Results

Maximal tests
Discussion
V02max of the five subjects determined by the maximal bicycle test in this study were not statistically different from the mean value in Japanese male adults (18-31 years , n = 33) reported by Yamaji 18) . Therefore, the data in the present study represent the aerobic capacity of young adults in general.
The relationship between HR and % V02max
Many researchers have investigated the relationship between HR and % V02max (HR-V02 relationship) for different exercise modes. No significant differences in the HR-V02 relationship among various modes of exercise were revealed8,11-14,19-21' although some analyses 19, 22, 23) reported differences dependent on gender. Cardiorespiratory responses during in-line ska-ting10,11), roller skiing12) and Nordic skiing24) have been compared with those in running and/or cycling. Synder et al.10) reported a variation in the slope of the regression line between in-line skating and running or cycling. However, most other studies8, [11] [12] [13] [14] [19] [20] [21] show that the HR-1102 relationship is not affected by the type of exercise in terms of regression line and slope. We observed no significant differences in the HR-1102 relationship between scootering and running or cycling (Fig. 1) . This suggests that 1102 during scootering can be estimated by HR, similar to other exercises.
The relationship between VE and V02 Previous studies10) showed no significant differences between the slope of the VE-V02 regression line in running and cycling. However, the slope of the VE-VO2 regression line for scootering was significantly steeper than that of other exercises (Fig. 2) . The steeper slope may be due to the non-symmetric movement patterns in scootering. We noted that in scooter riding, the higher the intensity, the higher the stroke frequency and RR (Fig. 3) . High-intensity scootering with higher stroke frequency increased RR and caused hyperventilation. Previous studies3, 4, 7, 25) demonstrated that increase in VC02 in high intensity exercises and elevated RR during fast repeated movements increases VE. For instance, in a graded cycling experiment, Takano26) observed that a higher frequency of pedaling rate resulted in higher RR and larger VE at the same VC02 level. In the present study, the pedaling rate was consistently 32 rpm at different slope angles when cycling was performed at a specific speed with a fixed gear of the bicycle. In contrast, the number of steps per minute in running were higher than those in walking (Table 3 ). However, this was not the case for scootering ( Table 3) .
The relationship between respiration rate and V02
In scootering, the higher the intensity of exercise, the higher the RR (Fig. 4a) . In contrast, no correlation between 1102 and RR was detected for either walking or running. In cycling, RR was not increased upon high exercise intensity at 78% 1102 max. The difference between scootering and other exercises was probably due to the variations in exercise modality.
Relationship between RER and V02
As shown previously, the regression lines of RER-1102 were parallel for cycling and running, with cycling being higher than that of walking (Fig. 5) 10)
The RER-O2 regression line for scootering was steeper than that for running or cycling (Fig. 5) . This suggests that C02 produced during scootering is greater than that produced during cycling or running at the same 1102 levels. The smaller number of muscles involved in scootering compared to other exercises may explain this observation.
The oxygen requirement for pedaling is greater when using one leg compared to two legs, and VE is higher for one-leg exercise27 ' 28) . In scootering, one leg kicking the ground is mainly used for propelling the vehicle, while the other leg plays a role in supporting the rider's weight and balance.
Therefore, it is likely that the kicking leg requires a significantly greater amount of oxygen than the other.
If this is the case, the differences in the physiological aspects of scootering and running would be explained by the distinct requirements of one versus two-leg exercise, as shown by Bassey and Goldsmith.28) . This may also explain why the RER-V02 regression line of scootering is steeper than that in other exercises.
VE/ VC02 during and after exercise
As shown in Figure 6 , when exercise intensity was less than VT level (around 42% V02max ), VE/ VC02 did not decrease after the cessation of exercise. However, after scootering at a higher intensity than VT, a rapid but significant decrease in VE/VC02 [so-called undershooting29~ ] was noted immediately after scootering, with the largest decrease at around 30 seconds following exercise (Fig. 6) . We observed that the higher the intensity of scootering, the larger the undershooting (Fig. 6) . In fact, during scootering at 90% V02 max, considerable hyperventilation (104.3 ± 2.8 L mm 1) occurred as soon as exercise commenced. VE/VC02 began to decrease as soon as exercise was stopped, reached minimal levels 30 seconds later and gradually recovered back to resting levels (Fig. 6) .
On the other hand, undershooting was observed only slightly at 80% V02max of running, and more significantly at 90% VO2max. Undershooting was not evident at all under the 70% V02max level and at 80% V02max in cycling. This reflects the difference in time constant in VE and VCO2, especially a rapid decrease in VE or slow recovery of VCO2. It appears that high-intensity exercise results in undershooting of VE / 'C02. However, scootering causes undershooting after exercise even at low intensity. VE/ VCO2 during scootering at increased VT levels was higher than that of cycling. This indicates that VE during scootering is relatively high compared to VCO2, and that the relative metabolic rate may not be a factor in determining gas exchange kinetics. The higher VE/ VCO2 value during scootering is one of the factors causing undershooting following exercise. 
